The racing greyhound industry in Australia has come under scrutiny in recent years due to 10 animal welfare concerns, including so-called behavioural wastage whereby physically sound 11 greyhounds are removed from the racing industry because of poor performance. The non-12 medical reasons why greyhounds perform poorly at the racetrack are not well understood, but 13 may include insufficient reinforcement for racing, or negative affective states associated with 14 the context of racing. This study sought evidence for the affective states of greyhounds 15 (n=525) at race meets and associations of those states with performance. It collected 16 demographic, behavioural and performance data, along with infrared thermographic images 17 of greyhounds at race-meets to investigate whether arousal influenced performance. It also 18 collected behavioural data in the catching pen at the completion of races to examine possible 19 evidence of frustration that may reflect sub-optimal behavioural reinforcement.
A total of 525 greyhounds were recruited to this study over the 8 race meets at 3 racetracks. 139 The races included were for both male and female greyhounds aged 1-6 years old, and dogs 140 varied in experience, with their number of starts ranging 0-177. The dogs arrived at the 141 racetrack in air-conditioned dog trailers, which is the current policy of Greyhound Racing 142 NSW (GRNSW). Upon entry to the racetrack the dogs undergo vetting: an approximately 30-143 second veterinary physical examination to ensure quality of health. The dogs are then 144 kennelled in an air-conditioned building where they remain until they are taken out at pre-145 stir-up, approximately 10-15 minutes before their race. Dogs were excluded from data 146 collection if they had already been recorded by the current team of investigators at a prior 147 race or race-meet.
148
Physiological data collection 149 IRT data were collected twice from each dog during each race meet, with the first IR 150 thermograph being taken during pre-stir-up. The second IR was taken 15 minutes after the 151 race while the greyhound was kennelled. Post-race kennelling proceeds after greyhounds are 152 hosed down and offered water to drink upon finishing the race. 153 IRT images were captured using a FLIR T640 Professional Thermal Imaging camera (T640, 154 FLIR Systems Inc. Danderyd, Sweden) at an 80⁰ or 100⁰ angle and 1m distance from the dog. The FLIR ResearchIR Max software program was used to calculate the average eye 156 temperature under the 1234 palette because it best exposed the circumference of the eye. 157 Greyhound eye temperature was calculated by tracing the eye lids of the greyhounds using 158 the Stats tool then using Statistics Viewer to calculate the mean and max temperature inside 159 the traced area.
160
Behavioural data collection 161 The behaviour of the dogs was recorded using one GoPro Hero3 Black Edition action camera 162 (Manufacturer's name and address) mounted onto the fence of the catching pen, and one 163 hand-held Sony HD Handycam HDR-PJ760 video camera. The videos were analysed in slow 164 motion in Windows Media Player 11 (Microsoft, Redmond, Washington, USA) (0.5x speed) 165 and a count of each of the behaviours listed in the ethogram (Table 1 and 2) were recorded 166 for each dog. Greyhounds whose trainers excluded them from the optional stir-up event were 167 not analysed with an ethogram, and were recorded as being absent. 168 The ethograms were informed in part by Travain et al 2015 [8] , who used an ethogram to 169 estimate distress in a group of 14 dogs, with behaviours being considered indicative of 170 distress when they were accompanied by a significant increase in eye temperature (detected 171 by IRT) [8] . No racing-specific ethogram for dogs has been developed before, so several 172 behaviours were added to the ethograms that were considered good candidates for detecting 173 high arousal, frustration, or fixation on the lure. Inc., Boston, Massachusetts, USA). Behaviours were pooled into three categories to address 196 some low counts. These categories were: "Aroused_S for behaviours" indicating arousal during stir-up, "Unresolved" for behaviours in the catching pen that may indicate the 198 greyhound was still fixated on the unattainable lure or expressing frustration, and "Teaser" 199 for behaviours in the catching pen at Richmond that were related to interacting with the 200 teasers on bungee lines. The frequency of behaviour recordings both in the catching pen and 201 in the stir-up were rarely more than 5 counts. The only exception was barking, which is 202 energetically a much less costly behaviour and is also much quicker to perform than other 203 behaviours in the ethograms. All behaviours were scaled using the max-min method to a 204 scale of 0-5 counts to avoid the inflation of results in dogs prone to vocalisation. Counts for 205 pooled behaviours were then rounded to the nearest whole number to allow for a negative 206 binomial model to be fitted. This step was relevant only for Aroused_S behaviours, as 207 behaviours in other categories did not need to be scaled.
208
An ordinal linear regression model was used to determine factors influencing performance.
209
Generalised linear models with a quasi-poisson distribution due to over-dispersion in count 210 data were used from the lme4 package using the glm function in RStudio to determine factors 211 that have a significant effect on Aroused_S behaviours and Mean ET Before races and Mean 212 ET After races. The final models were built using the stepwise method and the AIC number 213 to determine the model of best fit.
214
Pearson's Correlation tests using the cor function were performed on factors that were not 215 included in models or for which models were difficult to resolve.
216

Results
217
Tracks 218 Track configuration in terms of where the kennel block, stir-up yard and catching pen were 219 located in relation to the track differed between tracks, as summarised in Table 3 . Box 1 showed the strongest association with good performance while, in comparison, Boxes 240 4, 5 and 7 had a significantly negative effect on performance (see Table 4 for figures). Table 3 . and Aroused_S, and a summary of the model is shown in Table 6 . Unresolved, and revealed that statistically significant predictors of Mean ET After were 277 ambient temperature (n = 310, Effect = 0.149, s.e. = 0.032, p-value < 0.001) and race number 278 had a positive effect (n = 310, Effect = 0.071, s.e = 0.027, p = 0.010) ( Table 7) . A scatter plot 279 showing the relationship between ambient temperature and Mean Eye Temperature Before 280 the race is shown in Figure 8 . Mean Eye Temperature After the race was, as expected, 281 influenced by ambient temperature, and the relationship is shown in Figure 9 . pattern existed in the current study, but was not statistically significant.
371
. Sampling in the kennels prior to racing would likely provide a better comparison of before 372 and after race as the act of taking the dogs out of the kennels may elevate their aorusal.
373
However, this was not permitted by the racing officials. Under the rules of racing [3], 374 greyhounds must remain in the kennels for 15 minutes before they can be taken home, so the 375 IR thermograph needed to be taken at this 15-minute juncture to allow the greyhounds to cool 376 down so as to minimise the effects of body temperature on eye surface temperature, while 377 still obtaining thermographs before the greyhounds were removed from their kennels.
379
Mean ET After races 380 Higher mean eye temperatures after the race was associated with poorer performance, but it is 381 difficult to separate the effects of physical exertion in racing from the effects of emotional 382 state before and during the races. Studies have found that ET increases in response to 383 physical exercise in dogs and horses [12, 13, 17, 27] , but the form of exercise in these studies 384 was prolonged rather than the short intensity of sprint races in the current study. Breed horses at a show-jumping competition, and suggested that some horses prone to higher 388 emotional reactivity showed a stronger change in ET after performing. The horse breeds 389 studied were more similar in size than the Labrador retrievers versus the beagles used in 390 Zanghi et al.'s study [17] , and the show-jumping competition more closely resembles the current racemeets than the free play-bouts studied by Zanghi et al. [17] . Thus, it is possible 392 that the current mean eye temperatures after racing are indicative of a stronger stress response 393 to racing, and the disruptive effects of over-arousal on performance.
394
An alternative possible reason for the inverse relationship between mean eye temperatures 395 after the race and performance is that increased mean eye temperature after racing is more 396 indicative of higher core body temperature than directly of emotional state. A previous study 397 suggested it takes at least 30-minutes for dogs' core body temperature to return to baseline 398 after 30-minutes of exercise [17] . In the current study, it was not possible to collect IRT 399 images reliably more than 15-minutes after racing at the racetracks due to owners removing 400 them from kennels and transporting them home. As such, the negative relationship between 401 performance and observed mean eye temperatures after the race may be a result of dogs that 402 perform poorly having to expend more effort to compete in the race than dogs that perform 403 well, and thus having higher core body temperatures and mean eye temperatures after the 404 race.
405
Ambient temperature 406 Ambient temperature was a significant predictor of mean eye temperatures after the race, but 407 not mean eye temperatures before the race. This variable was not included in the performance 408 model because it compromised model fit. Greyhounds are held in temperature-controlled 409 kennels before their race, but extreme ambient temperatures may influence IRT images after 410 races, and this may need to be treated with caution if the industry elects to use IRT in future. There was a statistically significant, positive effect of race number on mean eye temperatures 416 before the races, suggesting that greyhounds at the race-meet grew increasingly aroused as 417 the race-meet progressed. All greyhounds racing must be kennelled 30 minutes before the 418 first race. They are undisturbed in the time between kennelling closing and the first race, but 419 once races are underway, a steady stream of trainers enter the kennels to collect dogs and 420 return dogs that have just raced. The kennelled dogs are therefore exposed to ongoing 421 disturbance, and also likely hear arousing auditory stimuli from the course, such as the sound 422 of the lure moving on the track. Whether the kennels themselves and the noise of unfamiliar 423 neighbouring dogs within them are a source of distress for greyhounds at race-meets or 424 whether arousal in kennelled greyhounds rises with each anthropogenic disturbance is unclear 425 and beyond the scope of the study, but the increase in mean eye temperatures before the races 426 over the course of the race-meet suggests a continuous rise in arousal. This is unlikely to be 427 related to the intensity of competition, as prize money does not routinely increase with each 428 race. Greyhounds cannot know when they will be taken out of their kennel for racing, so may 429 anticipate this occurring every time they are disturbed by the movements of trainers and dogs, 430 leading to increasing frustration and aroused anticipation when they are not removed.
431
Aroused behaviours in stir-up 432 A previous study found that horses displaying behaviour indicative of higher arousal 433 immediately prior to racing performed more poorly than horses that appeared calmer [5] . We 434 did not find such a relationship either between mean eye temperatures before the race or the Younger dogs were more likely to place in the front half of the field than older dogs. This 452 may be because younger dogs are less likely to be burdened with the effects of previous 453 injuries or general degenerative changes that may occur with age. In racehorses, studies have 454 found that the risk of injury increases with age [28, 29] and that racing speeds peak [30] The box from which dogs started also had a significant impact on their likelihood of placing 458 favourably, an outcome which is freely acknowledged by track administrators, for 459
Wentworth Park at least [32] . Box 1 appears to offer an advantage, as noted by The
460
Greyhound Recorder [33] and ,in the current study, Boxes 4, 5 and 7 conferred a significant 461 disadvantage when compared to Box 1. Greyhounds that prefer to run close to the rail are 462 likely to perform better regardless of starting box because they must cover less ground over 463 the course of the race than greyhounds that prefer to run on the outside of the pack. As such, 25 464 greyhounds that prefer to run close to the rail and that also start from Box 1, 2 or 3 are likely 465 to cover less ground than greyhounds with this preference that start from boxes farther from 466 the rail. This issue may be best addressed by adopting track safety recommendations for a 467 lure system that places the lure closer to the centre of the track [34] .
468
Sex of dog 469
Male greyhounds in the current study were significantly more likely to place favourably than 470 females. However, this was complicated by an interaction between sex and days since last 471 raced. Whereas females showed no clear pattern in their performance regardless of how long 472 it had been since they were last raced, males were more likely to place poorly the longer it 473 had been since they last raced. There was no significant difference between males and 474 females in latency since the previous race. The effect of this interaction on performance is 475 intriguing, but small and difficult to interpret. The significant negative correlation between 476 mean eye temperatures before the races and latency since the previous race is at odds with a 477 more intense stress response to the race-meet environment after longer rest periods as a 478 potential explanation. It is possible that increasing latency since the previous race 479 compromises race fitness, as extant data on racehorses shows an increase in the likelihood of 480 sustaining a serious injury during a race with increasing days since last racing [35] . It is also 481 possible that anticipation of racing is diminished by the lack of recent associations with track-482 related stimuli if the dog has not raced for more than a week or so, and this compromises 483 performance. This is consistent with the current finding of a negative correlation with mean 484 eye temperatures before the races.
485
Why latency since the previous race should affect male performance more than female 486 performance is unclear and, to the authors' knowledge, has not previously been reported in 487 animal performance studies. As always, it is possible this reflects a statistical anomaly, and 488 that simply increasing the sample size would verify the strength of this relationship.
489
There was no significant difference in mean eye temperatures between sexes before or after 490 the race and, to the authors' knowledge, no sex differences in response to arousal have 491 previously been reported in dogs. That said, there may be differences in how individuals of 492 either sex behave in response to different levels of arousal.
493
Catching pens 494 One of the goals of the current study was to investigate whether greyhounds in NSW races 495 were being sufficiently rewarded for racing despite being unable to access the lure at the 496 conclusion of races. We may assume that if greyhounds are finishing races without any 497 penalty for failure to chase the lure, they are being sufficiently rewarded for racing at the time 498 of observing them race. However, recording one race per greyhound cannot demonstrate that 499 greyhounds are being sufficiently rewarded to continue racing indefinitely. As such, we 500 searched for signs of frustration in the catching pen upon conclusion of the race. Frustration 501 has been associated with increased aggression in dogs [36] [37] [38] , which in turn, may manifest 502 as an increased risk of attracting a penalty for marring during the race. It is also likely that 503 what occurs in the catching pen influences a greyhound's emotional associations with racing 504 in general, and their willingness to enter the catching pen. For the purposes of the current 505 study, the putative behavioural signs of frustration in the catching pen included jostling 506 another dog, focusing on the lure gate, and changing directions (included only if the dog 507 initiated the direction change rather than following another dog that had changed direction).
508
We found these behaviours in 59.1% of greyhounds. The prevalence of these behaviours is 509 concerning for two reasons. Firstly, it suggests that, at the end of the race, many greyhounds the catching pen, may traverse more than half the track before coming to a halt, so the 515 greyhounds can still hear it while, in the catching pen, unable to chase it. Orienting towards 516 the lure gate indicates their focus on where they last saw the lure.
517
Frustration in catching pens 518 The jostling that occurred after nearly every race in the current study is not necessarily an 519 aggressive expression of frustration. However, the redirection of aggression towards 520 conspecifics is a recognised consequence of being thwarted in obtaining a goal [see 39].
521
Other possible causes for this behaviour may be that it is playful in nature, or it may be a 522 product of up to 8 galloping dogs coming to a halt together in a relatively small space. The 523 dogs behind those in the lead may take a moment to react to the deceleration of dogs in front 524 of them, resulting in bunching. Nonetheless, the indications that the greyhounds are still 525 fixated on the lure raise the prospect that they are not disengaging from their goal even 526 though they are unable to continue pursuing it. If their goal is to capture the lure, it may be 527 less important whether they are successful or not and more important that they are not 528 consistently thwarted in the process, but are instead assisted in disengaging from pursuit. There were significantly more behaviours indicative of arousal in the stir-up at Wentworth 565 Park compared to Gosford. This may reflect the effects of a track design factor or a 566 operational factor. The track at Wentworth Park has its catching pen adjacent to its stir-up 567 pen and flush against the track itself, and directly in front of the kennels. In contrast, at 568 Gosford, the stir-up pen is a considerable distance from the catch-pen, and even farther from 569 the kennels. Richmond has the greatest distance between the stir-up pen and the track by a 570 small margin, with the catching pen separated, and the kennels behind the stir-up pen.
571
Handlers may also behave differently between tracks and may encourage more behaviours 572 indicative of arousal at some tracks more than at others. This may reflect the handlers 573 awareness of the available prize money or prestige of the races, the importance of a particular 574 day of the week on which the races are held, or it may be entirely sub-conscious.
575
Conclusions
576
The need to understand behavioural wastage in racing greyhounds is clear. Ambient 577 temperature, race number, age and experience, start box, sex of dog, (frustration and teasers) 578 in catching pens and track effects all affect the performance of greyhounds on tracks.
579
This is the first published study t of racing greyhound behaviour at race-meets and the first, 580 for any racing code, to use IRT at racetracks to assess arousal. The results describe modest 581 relationships between eye temperature and performance, but these effects are significant and 582 may assist in the development of more detailed studies to identify specific factors that 583 compromise performance and establish how they can be modified to reduce their negative 584 effects. IRT before races may be more revealing than IRT after races due to the influence of 585 core body temperature that may reflect the legacy effects of physical effort more than arousal, 30 586 and the influence of ambient temperature. Attempts to use IRT before races bring significant 587 timing and logistical challenges, but this study showed there is promise in eye temperature 588 measurements before races to reveal the effects of experience at racetracks in the long-and 589 short-term on behaviour and performance. For clearer results, it would be worthwhile 590 investigating how IRT images may be collected closer to the races 591
This study also offers insights into how individuals within the racing greyhound population 592 respond differently to the anticipation of racing, and how this might correlate with their 593 preferences for rewards (e.g. teaser or lure) upon conclusion of any given race. Clearly, the 594 use of teasers in the catching pen and the track effects on behaviour and arousal are both 595 areas that merit further research to makes race-meets optimally arousing for racing 596 greyhounds, and to improving reward availability and disengagement from the lure at the end 597 of racse. The large percentage of dogs t showing signs of frustration and continuing to search 598 for the lure when in the catching pen raises concern for both the physical and emotional 599 wellbeing of greyhounds. The catching pen system has been in operation for many years, but 600 may not support all racing greyhounds equitably in avoiding wastage. The period during 601 which greyhounds are kennelled before their race may contribute to their stress at race-meets, 602 so any means by which kennelling time can be reduced, especially for greyhounds in races 603 late in the days' program, are worth further investigation and suitable trials. 
